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Abstract
We consider the conversion of gravitons into photons in the TEmo mode. Cross sections
in different directions are given.
November 1994
CPT-94/P.3080
anonymous ftp or gopher: cpt.univ-mrs.fr
∗Unite´ Propre de Recherche 7061
1Permanent address: Department of Theoretical Physics, Hanoi State University,
P. O. Box 600, BoHo, Hanoi, 10000, Vietnam
2Institute of Theoretical Physics, P. O. Box 429, BoHo, Hanoi10000, Vietnam.
1 Introduction
The study on the interaction between electromagnetic (EM) and gravitational fields is a
significant part of the research on gravitational radiation [1 − 3]. Based on the present
technical level in the laboratory, it has been proved by means of mechanics that it is as
yet difficult to generate gravitational wave (GW) which are strong enough to be detected
by current detectors. Therefore physicists have transfered their interest to strong EM
field and taken it as one of the possible sources in the laboratory.
In previous paper [4] we have considered the conversion of gravitons into photons in
the periodic external EM field, namely in the TE10 mode. In this paper we consider the
conversion of gravitons into photons in the TEmo mode [5] :
2 Cross sections
We consider the case of an alternating EM field in a rectangular cavity with inner dimen-
sions a, b, propagating in z = −c/2 and z = c/2. To simplify we use a system of units in
which h¯ = c = 1, choose the nontrivial solution TEmo mode [5]:
Hz = H0 cos
(
mπx
a
)
eikx−iωt ,
Hx = − ika
mπ
H0 sin
(
mπx
a
)
eikz−iωt , (1)
Ey = i
ωa
mπ
H0 sin
(
mπx
a
)
eikz−iωt ,
where k = w/v.
Let us consider the conversion of the graviton g with momentum p into a photon γ
with momentum q in the above mentioned external EM field. For the above mentioned
process we get the matrix element:
< q|Mgγ|p >= k
4(2π)2
√
q0p0
ǫi(~q, σ)
[
Bǫj2(~p, τ)ηijq0 + (ηi2qj − ηijqy)(Dǫj3(~p, τ)− Cǫj1(~p, τ))
+(Cηi1 −Dηi3)ǫj2(~p, τ)qj + ǫj2(~p, τ)ηij(Dqz − Cqx)
]
, (2)
where k =
√
16πG, qo = po + ω and
B =
(−1)m−1/28aωH0(px − qx)
mπ[(px − qx)2 − m2pi2a2 (py − qy)(pz − qz + k)
cos
a
2
(px−qx) sin b
2
(py−qy) sin c
2
(pz−qz+k),
C = − (−1)
m−1
2 8mπH0
a[(px − qx)2 − m2pi2a2 ](py − qy)(pz − qz + k)
cos
a
2
(px−qx) sin b
2
(py−qy) sin c
2
(pz−qz+k),
D = − (−1)
(m−1)/28kaH0(px − qx)
mπ[(px − qx)2 − m2pi2a2 ](py − qy)(pz − qz + k)
cos
a
2
sin
b
2
(py − qy) sin c
2
(pz − qz + k)
1
for m = 2k − 1, k = 1, 2, 3, ... and
B =
−(−1)m/28ωH0
[(px − qx)2 − m2pi2a2 ](py − qy)(pz − qz + k)
sin
a
2
(px−qx)sin b
2
(py−qy) sin c
2
(pz−qz+k),
C =
(−1)m/28H0(px − qx)
[(px − qx)2 − m2pi2a2 ](py − qy)(pz − qz + k)
sin
a
2
(px−qx) sin b
2
(py−qy) sin c
2
(pz−qz+k),
D =
(−1)m/28kH0
[(px − qx)2 − m2pi2a2 ](py − qy)(pz − qz + k)
sin
a
2
(px−qx) sin b
2
(py−qy) sin c
2
(pz−qz+k).
for m = 2k.
In the following, we assume that v = 1 and ω << p. We also retain the terms to the
first order in ω in the result.
When the momentum of the graviton is parallel to the z axis (the direction of the
external field propagation ), the differential cross section, in the context of the previous
statement, vanishes (∼ O(ω2)) when θ ≈ 0 and when θ = π/2.
Now we consider the case in which the momentum of graviton is parallel to the x axis,
i. e. pµ = (p, p, 0, 0). We have
dσ(g → γ)
dΩ′
=
k2q
64(2π)2p
{
q2C2(1 + cos2 θ − 2 sin2 θ cos2 ϕ′)−
2C
[
q cos θ(1 + cos2 θ + sin2 θ)(q0B + qD sin θ sinϕ
′)
− q2 sin(2θ) sin ϕ]} . (3)
From ( 3 ) it follows that (m = 2k − 1)
dσ(g → γ)
dΩ′
=
k2H0
2V 2p2
2m2(2π)4
(
1 + 3
ω
p
)
(4)
for θ ≈ 0, and
dσ(g → γ)
dΩ′
=
k2H20b
2m2
16a2(p2 − m2pi2
a2
)2
(
1 + 3
ω
p
)
cos2
(
ap
2
)
2 sin2[
c(p+ 2k)
2
] (5)
for θ = pi
2
, θ = pi
2
and for m = 2k
dσ(g → γ)
dΩ′
= 0 (6)
for the θ ≈ 0, and
dσ(g → γ)
dΩ′
=
k2H20b
2p2
4(2π)4(p2 − m2pi2
a2
)
(
1 + 3
ω
p
)
sin2
(
ap
2
)
2 sin2
[
c(p+ 2k)
2
]
(7)
for θ = π/2, ϕ = π/2.
Next, we consider the case in which the momentum of the graviton is parallel to the
y axis, i. e. pµ = (p, 0, p, 0). We then have
2
dσ(g → γ)
dΩ′′
=
k2q3
64(2π)2p
(C2 +D2)(3 cos2 θ − 1) . (8)
From (8) it follows that the differential cross section vanishes in the region 1200 ≫
θ ≫ 600 and gets the largest values.
dω(g → γ)
dΩ′′
=
k2Hc
2V 2p2
2(2π)4m2
(
1 + 3
ω
p
)
(9)
for θ ≈ 0 and m = 2k − 1.
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